*Defined as kidney damage confirmed by kidney biopsy showing pathological abnormalities or markers of damage or an estimated glomerular filtration rate (GFR) <60 mL/min/1.73 m 2 for ≥3 months. Adapted with permission from the National Kidney Foundation (1).
ROLE OF HYPERTENSION IN THE PROGRESSION OF RENAL DISEASE
Hypertension is a key pathogenic factor in the deterioration of renal function. Its presence accelerates the decline in eGFR and increases the onset of end-stage renal disease (ESRD) and the risk of CVD (6) . Hypertension has been identified as an independent risk factor for ESRD in men (8) and women (9) ; the risk of ESRD increases progressively with increasing severity of hypertension. The Multiple Risk Factor Intervention Trial (N = 332,544) showed that, relative to men with systolic BP <120 mm Hg and diastolic BP <80 mm Hg, the risk for ESRD increased by 3-, 6-, 11-, and 22-fold in men with stage 1 (mild), stage 2 (moderate), stage 3 (severe), and stage 4 (very severe) hypertension, respectively (8) .
Hypertension-related mechanisms in the progression of renal disease
Hypertension-related mechanisms in the progression of renal damage involve the magnitude of increase in systemic BP and the degree to which the elevation in systemic BP is transmitted to the renal microvasculature (i.e., degree of impairment of renal autoregulation) (10) . In the healthy kidney, renal autoregulation maintains a constant level of renal blood flow and intraglomerular capillary pressure despite fluctuations in systemic BP between 80 and 170 mm Hg (10) . This is accomplished through a myogenic reflex inherent to the kidney, wherein the preglomerular vasculature constricts or dilates in response to increases or decreases in systemic BP. When systemic BP increases, the afferent arteriole constricts, thereby limiting transmission of increased pressure to glomerular capillaries (10) . In damaged kidneys, the myogenic reflex is blunted, renal autoregulation becomes impaired, and the ability to prevent transmission of systemic BP changes into the glomerular circulation is partially or totally lost (10) . Consequently, intraglomerular pressure begins to change directly with changes in systemic arterial pressure (Figure) (10, 11), in some cases, to the extent that a linear relationship exists between intraglomerular pressure and change in arterial pressure (a pressure-passive relationship) (10) . Preclinical data indicate that glomerular capillary hypertension is closely associated with the development of glomerular sclerosis and progressive kidney failure (12) . The presence of other factors associated with endothelial dysfunction of the preglomerular vasculature and impaired renal autoregulation (Table 2 ) (11) may compound the risk of hypertension-induced renal injury.
Proteinuria, a useful marker of kidney damage associated with hypertension, is itself a risk factor for the progression of renal disease (13, 14) . The Irbesartan Diabetic Nephropathy Trial demonstrated that for each doubling of baseline proteinuria level, the risk of progression to kidney failure (defined as doubling of baseline serum creatinine level, serum creatinine level of 530 μmol/L [6.0 mg/dL], or development of ESRD) doubled (13) . The accumulation of filtered proteins in proximal tubular cells triggers proinflammatory, profibrogenic, and cytotoxic pathways that contribute to tubulointerstitial injury and renal scarring (15) . Thus, hypertension promotes progression of renal disease by worsening glomerular injury and increasing proteinuria, and proteinuria in turn promotes further renal damage.
Reduction of renal damage risk through lower blood pressure
The most effective strategies for lowering intraglomerular pressure are aggressive lowering of the BP and inhibition of the renin-angiotensin-aldosterone system (RAAS) (10) . In patients with CKD, establishing and maintaining optimal BP control is the most important initial step in reducing urinary protein excretion (i.e., preventing or slowing progression of kidney disease) (1). A metaanalysis of 11 randomized controlled trials evaluating angiotensin-converting enzyme inhibitor-(ACEI)-based regimens (N = 1860) found that systolic BPs of 110 to 129 mm Hg and proteinuria <2.0 g/d were associated with the lowest risk for kidney disease progression in patients with nondiabetic CKD (14) . The Irbesartan Diabetic Nephropathy Trial showed that the optimal reduction in risk for progression to kidney failure was conferred by lowering systolic BP to between 120 and 130 mm Hg (16) .
GOALS OF ANTIHYPERTENSIVE THERAPY IN CKD
The goals of antihypertensive therapy set by the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative guidelines include reducing BP, slowing the progression Increasing susceptibility to renal injury Normal of kidney disease, and reducing CVD risk (1). The National Kidney Foundation and the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) recommend a target BP of <130/80 mm Hg for patients with CKD (1, 17). Achieving this target BP usually takes multiple antihypertensive drugs (1, 17) but can slow the progression of kidney disease and reduce CVD risk in this patient population (1). An even lower systolic BP (e.g., 110-119 mm Hg, or 125 mm Hg) may prevent progression of kidney disease in patients with proteinuria >1 g/d (14, 18) . However, lowering systolic BP to <110 mm Hg may increase the risk of kidney disease progression (14) and should be avoided.
Poor control of hypertension in CKD patients
Hypertension is adequately managed in only 11% of patients with stage 1-2 CKD and only 20% of patients with stage 3-4 CKD (7). Analysis of data from 10,813 participants with CKD enrolled in the Kidney Early Evaluation Program found that despite high rates of awareness (80%) and treatment (70%) of hypertension, only 13% of participants were at the recommended target BP (<130/80 mm Hg) (19) .
Physician-related factors contributing to inadequate hypertension control include excessive reliance on monotherapy and reluctance to increase drug doses or add additional antihypertensive agents to the treatment regimen. The main patientrelated factor is nonadherence to prescribed treatment (20) . The latter can be improved by reducing the number of daily doses (21) or prescribing a single-tablet fixed-dose combination antihypertensive product. Significantly greater treatment adherence has been observed for hypertensive patients receiving a single-capsule fixed-dose combination product than for patients receiving the combination components separately (22) .
RAAS INHIBITOR THERAPY
As recommended by JNC 7, patients with diabetic kidney disease or nondiabetic kidney disease with a spot urine total protein-to-creatinine ratio ≥200 mg/g, with or without hypertension, should receive a RAAS inhibitor (ACEI or angiotensin receptor blocker [ARB]) (17) , unless there is a specific contraindication to their use. ACEIs (14, 23) and ARBs (13, 24, 25) have been proven to be effective in slowing the progression of kidney disease. For this indication, ACEI and ARB therapy were shown to be clinically equivalent in the DETAIL (Diabetics Exposed to Telmisartan and Enalapril) study in 250 type 2 diabetic subjects with early nephropathy (26) .
The Irbesartan Diabetic Nephropathy Trial and the RE-NAAL (Reduction of Endpoints in NIDDM [noninsulin-dependent diabetes mellitus] with the Angiotensin II Antagonist Losartan) trial demonstrated that, independent of BP reduction, ARB therapy was superior to non-ACEI, non-ARB, or calcium channel blocker (CCB) (amlodipine) therapy in slowing the progression of nephropathy (24, 25) . A metaanalysis of 11 randomized controlled trials in patients with nondiabetic CKD (N = 1860) demonstrated a mean relative risk reduction of 33% for progression of kidney disease with ACEI-based treatment, compared with non-ACEI-based treatments (14) .
ACEI (23) and ARB (27) (28) (29) therapy has been shown to significantly reduce the risk of cardiovascular morbidity and mortality in patients at high risk for cardiovascular events. Their clinical equivalence in doing so in such patients was demonstrated by ONTARGET (ONgoing Telmisartan Alone and in combination with Ramipril Global Endpoint Trial) comparing telmisartan and ramipril (N = 25,620) (28) , and the Valsartan in Acute Myocardial Infarction trial comparing valsartan and captopril (N = 14,703) (29) .
INITIAL FIXED-DOSE COMBINATION THERAPY
Most CKD patients require two or more antihypertensive drugs to achieve their target BP (1, 17). Based on JNC 7 and the National Kidney Foundation recommendations for ACEI or ARB therapy as first-line antihypertensive treatment in patients with CKD, combination antihypertensive therapy in this population should include one of these RAAS inhibitors (1, 17). Clinical evidence supports the use of a RAAS inhibitor-based fixed-dose combination product as initial antihypertensive therapy. In the Strategies of Treatment in Hypertension: Evaluation (STRATHE) study, initial fixed low-dose RAAS inhibitor-based combination therapy was superior to either sequential monotherapy (atenolol replaced by losartan and then by amlodipine) or stepped-care treatment (valsartan 40 mg titrated to 80 mg, coadministered with hydrochlorothiazide if needed) in achieving the target BP (30) . Fifty-six percent of patients in the low-dose combination group achieved their target BP without experiencing treatment-related adverse events, compared with 42% in the sequential monotherapy (P = 0.001) and the stepped-care (P = 0.004) groups. An additional disadvantage of the stepped-care approach is the requirement for multiple office visits over several months to determine the optimal dosing regimen. Furthermore, because hypertensive CKD patients are likely to require a combination of antihypertensive drugs, starting with fixed-dose combination therapy would appear logical.
In other studies, target BPs were achieved sooner (31) and by significantly more patients receiving initial fixed-dose RAAS inhibitor-based combination therapy than those receiving initial monotherapy (30, (32) (33) (34) (35) . In a randomized, double-blind, placebo-controlled study (N = 214), hypertensive type 2 diabetic patients receiving fixed-dose combination therapy (benazepril/ amlodipine) achieved the predetermined target BP (<130/85 mm Hg) in a mean of 5.3 weeks versus 6.4 weeks for (enalapril) monotherapy (P = 0.001) (31) . At 12 weeks, 70% of patients receiving fixed-dose combination therapy were at the currently recommended target BP (<130/80 mm Hg), compared with 31% receiving monotherapy (31).
Rationale for combination therapy
Rational drug combinations are characterized by synergistic or additive BP-lowering efficacy via complementary mechanisms (e.g., RAAS-inhibiting drugs plus a diuretic or a CCB) (32, 33, (36) (37) (38) , and a mechanism of action of one component that offsets the other's adverse effects (Table 3 ) (33, 34, 38, 39) . With respect to the latter, combining a RAAS inhibitor (ACEI or ARB) with a diuretic attenuates RAAS stimulation triggered by diuretic-induced salt excretion and reduced plasma volume (38) . Combining a RAAS inhibitor with a dihydropyridine CCB attenuates the reflex vasoconstriction and tachycardia resulting from increased sympathetic nervous system activity reflexive to CCBinduced systemic vasodilation (38) . Compared with treatment with multiple single agents, initial fixed-dose combination therapy offers greater BP-lowering efficacy (30, 32, 37, 39) and simplified dosing regimens (fewer pills), which improves treatment compliance (22) .
Combining an ARB with a dihydropyridine CCB (amlodipine) can reduce peripheral edema (39), a common adverse effect of this CCB class believed to be caused by preferential arteriolar vasodilation and subsequent increased capillary permeability, leading to fluid hyperfiltration and dependent edema (40) . In a randomized, placebo-controlled subgroup analysis of 1078 patients with moderate or severe hypertension, the incidence of peripheral edema was significantly lower with telmisartan 40 mg/amlodipine 10 mg (7%) and telmisartan 80 mg/amlodipine 10 mg (9.5%), than with amlodipine 10 mg monotherapy (17.2%; P < 0.0001 for both comparisons) (34).
WHICH RAAS INHIBITOR-BASED COMBINATION?
Although the Kidney Disease Outcomes Quality Initiative working group recommends the combination of a RAAS inhibitor and a diuretic for most patients (1), recent findings of the ACCOMPLISH (Avoiding Cardiovascular events through COMbination therapy in Patients Living with Systolic Hypertension) trial suggest that RAAS inhibitor/CCB fixed-dose combination therapy may be a better treatment choice for patients at high risk for cardiovascular events, including patients with impaired renal function (18% of the study population had eGFR <60 mL/min/1.73 m 2 ; 6% had proteinuria or elevated serum creatinine) (41) .
In the ACCOMPLISH trial, despite similar reductions in systolic and diastolic BP (41), single-tablet, fixed-dose RAAS inhibitor/CCB (benazepril/amlodipine) combination therapy was superior to single-tablet, fixed-dose RAAS inhibitor/diuretic (benazepril/hydrochlorothiazide) combination therapy in reducing the composite risk of cardiovascular morbidity and mortality (41) . Relative to RAAS inhibitor/diuretic therapy, RAAS inhibitor/CCB therapy was associated with a 20% lower risk of cardiovascular morbidity and mortality (P < 0.001) and a 22% lower risk of fatal and nonfatal myocardial infarction (P = 0.04) (41) . After 6 months of single-tablet fixed-dose RAAS inhibitor/CCB or RAAS inhibitor/diuretic combination therapy, significant reductions from baseline in systolic BP were observed (P < 0.001 for total study population and for the CKD subgroup), and 40% of the patients with CKD were at the recommended target BP (<130/80 mm Hg) (42) . This finding supports the initial use of fixed-dose combination therapy in hypertensive patients with CKD, even those with mild (stage 1) hypertension.
The greater reduction in CVD risk observed in the AC-COMPLISH trial with RAAS inhibitor/CCB versus RAAS inhibitor/diuretic combination in the setting of similar BP reductions (41) suggests that the combination of RAAS inhibition and calcium channel blockade may confer an additive cardioprotective effect. This favorable effect may be due to altering the mechanisms involved in the pathogenesis of vascular damage, including endothelial dysfunction, decreased levels of nitric oxide, and resultant inflammation (38, (43) (44) (45) .
In a rat myocardial ischemia model, although monotherapy with benazepril or amlodipine caused significant increases in nitric oxide levels in cardiac interstitial fluid (P < 0.05 versus untreated ischemia), coadministration of the two drugs caused further increases in nitric oxide levels (P < 0.001 versus untreated ischemia) (43) . Combined RAAS inhibitor/CCB treatment and monotherapy with each drug also significantly reduced cardiac interstitial fluid levels of the proinflammatory cytokine tumor necrosis factor α (P < 0.01 for monotherapy; P < 0.001 for combination therapy versus no treatment) (43) . In contrast, hydrochlorothiazide treatment had no significant effect on cardiac interstitial fluid levels of nitric oxide or tumor necrosis factor α (43). In two studies in patients with hypertension, combination RAAS inhibitor (benazepril)/CCB (amlodipine) therapy produced significantly greater increases in arterial compliance (P < 0.05 versus enalapril monotherapy) and arterial Table 3 . Therapeutic advantages of combination therapy with a RAAS inhibitor and a diuretic or a CCB* Combination Advantages
Either
• Improves blood pressure control
• Synergistically reduces proteinuria
• Permits use of lower doses of each drug (which minimizes risk of adverse effects)
RAAS inhibitor + diuretic
• Counterbalances diuretic-induced RAAS activation
• Preserves antiproteinuric efficacy of RAAS inhibitor in the presence of high sodium intake
• Reduces risk of electrolyte disorders (e.g., hyper-or hypokalemia, hypomagnesemia)
• Improves therapeutic response in African American patients
• Blunts diuretic-induced adverse metabolic effects (including hyperuricemia, increased insulin resistance, hyperglycemia)
RAAS inhibitor + CCB
• Counterbalances reflex increase in CCBinduced sympathetic nervous system activity • Has favorable metabolic effects (does not affect lipid or carbohydrate metabolism) • Reduces CCB-induced vasodilatory edema (e.g., pedal edema with dihydropyridine CCBs)
• Provides diuretic and natriuretic effects with CCB *Adapted with permission from Reboldi et al, 2009 (38) .
CCB indicates calcium channel blocker; RAAS, renin-angiotensin-aldosterone system. distensibility (P = 0.008 versus amlodipine monotherapy; P = 0.03 versus benazepril monotherapy) than RAAS inhibitor or CCB monotherapy (44, 45) . With respect to renoprotective effects, RAAS inhibitor/CCB combination therapy has been shown to reduce urinary albumin excretion to a significantly greater extent than RAAS inhibitor (fosinopril) or CCB (amlodipine) monotherapy in hypertensive diabetic patients (46) .
Combination ACEI/ARB
Although dual blockade of the RAAS with combined ACEI/ARB therapy may appear to be a rational mechanism for enhancing renal and cardiovascular outcomes, there is no conclusive clinical trial evidence of the long-term renal and cardiovascular benefit of ACEI/ARB therapy in hypertensive CKD patients (38) . A secondary analysis of the ONTARGET study failed to show a significant reduction in risk of renal impairment with combination ramipril/telmisartan therapy versus ramipril or telmisartan monotherapy; rather, the combination was associated with a significant 33% increase in risk of renal impairment, compared with ramipril monotherapy (P < 0.001) (28) . In addition, the ONTARGET trial found no benefit of combination ramipril/telmisartan therapy over ramipril monotherapy in reducing the risk of CVD (28) . Nonetheless, combination ACEI/ARB therapy may be an option for some patients who fail to achieve adequate BP control after optimization of RAAS inhibitor/diuretic or RAAS inhibitor/CCB combination therapy.
OTHER TREATMENT CONSIDERATIONS
In addition to reducing BP to the recommended target level (systolic BP between 110 and 130 mm Hg) (1, 14) and implementation of RAAS inhibitor-based combination therapy, other aspects of treatment should be considered (Table 4) (1, 47). If strategies to minimize hyperkalemia (Table 5 ) (48) fail to maintain serum potassium concentrations below 5.6 mEq/L, the RAAS inhibitor should be discontinued and another class of antihypertensive drug used.
CONCLUSIONS
In patients with CKD, hypertension is a common comorbid condition that increases the risk of progression of CKD and the risk of cardiovascular complications. Reduction of BP to <130/80 mm Hg, slowing the progression of kidney disease, and reducing CVD risk are goals of antihypertensive therapy. However, this BP goal is not attained by the majority of CKD patients.
All patients with CKD and hypertension should receive a RAAS inhibitor. Stringent control of hypertension using a RAAS inhibitor-based treatment regimen is an evidence-based approach to slow the progression of CKD and reduce CVD risk. Most CKD patients require multiple antihypertensive drugs to reduce BP to target level. Clinical evidence indicates that initial fixed-dose RAAS inhibitor-based combination therapy is more effective and more efficient than stepped-care therapy or sequential monotherapy for lowering BP to target levels. The fixed-dose combination approach also allows the use of lower doses of each drug in the combination product, which reduces the risk of adverse events and simplifies treatment, thereby promoting patient adherence to treatment. Recent clinical data support initial fixed-dose RAAS inhibitor/CCB combination antihypertensive therapy in CKD patients. • Use effective thiazide diuretic therapy for CKD stages 2-3 or use loop diuretics when reestimated GFR is <30 mL/min/1.73 m 2 for CKD stages 4-5
• Use moderate to high doses of ACEIs or ARBs
• Modify antihypertensive therapy in patients with a spot urine total protein-to-creatinine ratio >0.5 to 1 mg/g
• Take steps to minimize risk of hyperkalemia induced by ACEI or ARB *In addition to reducing systolic blood pressure to 110 to 130 mm Hg and using renin-angiotensin-aldosterone system inhibitor-based combination therapy (1, 49).
ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; GFR, glomerular filtration rate. Table 5 . Strategies to minimize risk of hyperkalemia caused by renin-angiotensin-aldosterone system inhibitors in patients with chronic kidney disease*
• Wherever possible, discontinue drugs that can impair renal potassium excretion (e.g., nonsteroidal antiinflammatory drugs, including selective cyclooxygenase-2 inhibitors)
• Prescribe a low-potassium diet; advise patients to avoid use of salt substitutes that contain potassium
• Prescribe thiazide diuretics (loop diuretics if estimated GFR is <30 mL/ min)
• Prescribe sodium bicarbonate to correct metabolic acidosis; decrease dose of ACEI or ARB
• Measure serum potassium level 1 week after initiating ACEI or ARB therapy or after increasing the dose
• If patient is taking some combination of an ACEI, an ARB, and an aldosterone-receptor blocker, discontinue one and recheck serum potassium level
• Do not exceed a 25-mg daily dose of spironolactone when used in combination with an ACEI or an ARB; avoid this combination of drugs when the GFR is <30 mL/min *Adapted with permission from Palmer, 2004 (48) .
ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; GFR, glomerular filtration rate.
